Improving the crumble/pellet percentage of feed has been argued to be difficult to obtain in the commercial industry due to the necessity of feed mills producing adequate feed volume within a time constraint. Poultry research often utilizes small numbers of birds per pen or experimental unit that may affect the estimation of variance components, potentially producing pen performance metrics that are less valuable for industry guidance. In Experiment 1, diets were manufactured to maintain nutrient availability and vary only in crumble/pellet percentage (standard = 40% pellets, improved = 70% pellets). The two dietary treatments were then fed to Hybrid Converter male turkeys from d 1-126. Growth performance variables were measured and carcass characteristics (breast wt. and yield) were determined. Average pen weight increased by 0.17 kg (P = 0.02) and tended to decrease feed conversion ratio by 11-points (P = 0.07) for toms fed improved quality pellets. Experiment 2, was designed to determine the effects of pen size and crumble/pellet percentage on commercial broiler performance using a 2 (feed quality) x 2 (pen size) factorial treatment arrangement in a randomized complete block design. Feed manufacture was manipulated to maintain nutrient availability constant with treatments differing only in crumble/pellet percentages (standard = 50% pellets, improved = 70% pellets). Growth performance was analyzed at the end of each growth phase (starter d 1-10, grower d 11-21, finisher d 22-38). Carcasses characteristics of hot breast weight and yield were determined on d 38. No interactions were observed for the d1-38 growth period (P > 0.05). Broilers consuming improved crumble/pellet percentage had a tendency towards decreased feed intake (P = 0.07) and feed conversion ratio by 3 points (P = 0.1), but maintained a similar weight gain (P = 0.3). Large pens tended to decrease live weight gain (P = 0.06). Improved (crumble/pellet) percentage increased pen coefficient of variation for within pen ending weight (P = 0.05), likely due to competitive feeding behavior. These experiments suggest that a modest improvement to pellet quality improves both tom turkey and broiler performance, and a small pen model may produce sufficient results for broiler chicken research.
West Virginia produced 94 million broilers, resulting in 376 million pounds of meat, 3 which had a production value of 188 million dollars in 2012. West Virginia, in 2013, increased 4 production to 96.8 million broilers, 387 million pounds of meat, at a production value of 234 5 million dollars. Broiler production within West Virginia has made increases in all areas and is 6 continuing to increase every year. Broiler data represent annual estimates taken from a period 7 beginning on December 1 and continuing through November 30. West Virginia raised 3.3 8 million turkeys, produced 89.1 million pounds of meat, resulting in a production value of 64.2 9 million dollars in 2012. There were similar statics observed in 2013 with 3.1 million turkeys 10 raised, 80.6 million pounds of meat produced, all at a production value of 53.6 million dollars.
11
Turkey statistics were based on turkeys that were placed on September 1 through August 31. 12 This statistical analysis ranked West Virginia 19 th in broiler production and 13 th in turkey 13 production in total U.S. comparison [1] . 15 Pelleting Procedure 16 Feed is the major cost associated with a commercial poultry grower's budget. This is due 17 to the fact that feed represents 60-70% of the total production cost for a commercial poultry 18 grower, and the price of ingredients accounts for the major quantity of the total feed cost. 19 Pelleting feed has been known to be a more costly form of processing; but pelleting a diet has 20 been shown to increase live weight gain (LWG), increase feed intake (FI), and decrease feed 21 conversion ratio (FCR), and decrease feed wastage [2-9]. The feed manufacture process consists 22 of combining raw materials through batching, mixing, grinding, steam conditioning, pelleting, 23 cooling, and packaging [10] . All of these elements singularly or in combination can affect bird 24 performance and health.
14

FEED MANUFACTURE AND FEED FORM
25
The process of pelleting has been defined as the agglomeration of smaller 26 particles into larger particles through a mechanical process combining moisture (through steam), 27 heat, and pressure [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Cereal grains (corn, wheat, barley, etc...), which can be part of a 28 poultry diet formulation, are typically ground before being mixed allowing for improved 29 blending and decreasing mixing problems [3, 12] . The process of grinding is also known as 30 particle size reduction [10] . Once the ingredients are ground and mixed they are then conditioned 31 with steam at an average temperature of 80-90 • C, and extruded through a pellet die. The hot 32 pellet is next conveyed through a cooling deck, once through the cool deck the pellets can either 33 be packaged or pass through a roller mill to reduce size to a crumble and then be packaged 34 [10, 13] . The final product is then transported to poultry barns and augured into feed pans for 35 broiler or tom turkey consumption.
36
Pellet Quality
37
Pellet quality is the capability a pellet has to preserve integrity after manufacture 38 and through mechanical stressors associated assisted with transportation and handling [13] [14] .
39
The physical quality of pellets can be determined through pellet durability index (PDI), modified 40 pellet durability index (MPDI), particle size, and percentage of pellets to fines. The PDI and The percentage of pellets to fines ratio is determined through sifting a representative sample 47 through the appropriate ASTM sieve to receive the proper percentage of pellets, and then 48 through a second ASTM sieve to receive the appropriate percentage of fines. The feed remaining 49 on the first sieve is considered pellets; the sample of feed that passes through the first sieve is 50 then sifted through the second sieve. The feed that remains on the second sieve is considered 51 crumbles, while the remaining feed sample that passes through the second sieve is considered 52 fines. The weight of the pellets, crumbles, and fines is then used to calculate the percentage of 53 pellet to fine ratio by using the total weight of the representative sample [14 -15] . These data 54 provide a comprehensive view of pellet quality. 56 Previous studies confirm that feeding whole or intact pellets to meat birds can improve typically rears birds in a more controlled environment than that of a commercial setting. These 105 controlled environments may produce data that is less applicable to the commercial industry. Pelleting feed has been shown to increase feed intake (FI), increase live weight gain 272 (LWG), and decrease feed conversion ratio (FCR) [1] , thus justifyng the expense of pelleting.
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PELLET QUALITY AND MEAT BIRD PERFORMANCE
273
Broiler growth response to feed has importance to commercial integrators since feed and feed 
299
MATERIALS AND METHODS
300
Feed Manufacture 301 All feed was manufactured at the West Virginia University pilot feed mill [12] . All diets 302 were formulated to meet nutrient needs of the bird based on Agristat standards [14] and were 303 corn and soybean meal based (Table 1) . Samples were taken throughout the feed manufacturing 304 process and analyzed for percentages of crude protein (Kjeldahl anlysis), crude fat (ether 305 extract), calcium, ash and moisture (dry matter), then non-phytate phosphorus was calculated 306 (Table 1 ). Diets were manufactured at approximately 82˚C, using a 38.1x 4.8 mm die with an 307 average production rate of 1.02 tonne/h relative to the recommended mill capacity (0.91 308 tonne/h), and crumbled to a small particle, large particle or maintained as a pellet depending on 309 growth phase ( Table 2 ). All dietary treatments (70% crumble/pellet = Improved vs. 50% 310 crumble/pellet = standard) were manufactured using similar techniques, to maintain nutrient 311 availability, and feed form variation was produced by grinding a portion of the pelleted feed and 
DESCRIPTION OF THE PROBLEM
558
Previous research has demonstrated that benefits of pelleting a diet may ultimately 559 provide an economic return on investment. These benefits include: increased live weight gain 560 (LWG), decreased feed conversion ratio (FCR), decreased pathogens in feed, decreased 561 ingredient selection, and improved feed flow [1] [2] [3] [4] [5] [6] [7] [8] [9] . Performance differences have been 562 numerically greater for turkeys than broilers, possibly due to the increased grow out time and 563 consistent exposure to pelleted feed. Commercial feed mills typically maintain a high through-564 put of feed pelleting to keep up with bird feeding requirements. Consequently feed quality is 565 poor due to decreased residence time of conditional mash in the pellet die. One solution to 566 resolve poor pellet quality is through the incorporation of a pellet binder such as calcium 567 lignosulfonate (CaLS) into a diet formulation. Corey and coauthors [10] showed that the 568 inclusion of CaLS binder (0.5%) increased both the pellet and modified pellet durability index (P 569 < 0.05) [10] . These authors also observed that CaLS decreased pellet mill motor amperage and 570 pellet temperature after die extrusion (P < 0.01) [10] . These findings show potential to improve 571 pellet quality and maintain through-put demands. Much of past research that has focused on 572 pellet quality incorporates treatment extremes such as a 90:10 pellet to fine percentage in 573 comparison to a 0:100 pellet to fine percentage [1] . High pellet quality such as 90:10 pellet to 574 fine percentage has been argued to be impossible to obtain in the commercial industry due to 575 throughput demands, but also due to the magnitude of transportation and auguring stress that 576 pellets endure. A need exists to explore the effect of modest improvement in pellet quality 577 obtained through techniques practical for the commercial industry. The objective of this study 578 was to assess the effect of improving pellet quality from 40% pellets to 70% pellets through use 579 of CaLS and decreased pellet production rate on 1-126 d tom turkey performance.
580
MATERIALS AND METHODS
581
Feed Manufacture 582 The starter diets for this experiment were manufactured at the West Virginia University 583 pilot feed mill [11] using CaLS as a pellet binder at a 0.5% inclusion. The grower and finisher 584 diets were manufactured by a commercial feed mill. All diets were formulated to meet nutrient 585 needs of the bird based on commercial standards and were corn and soybean meal based ( 
